Objective: to evaluate whether hand-held Doppler (HHD) examination is an adequate screening test in planning surgical treatment for primary varicose vein. Design: prospective study. Materials: one hundred and eleven consecutive patients (142 legs) with primary, uncomplicated varicose veins. Methods: legs were examined clinically, with HHD and duplex ultrasonography on the same day at the outpatient clinic. The plan for the subsequent treatment was recorded separately after each examination. Results: at the sapheno-femoral junction and at the sapheno-popliteal junction, the sensitivity was 56 and 23%, the specificity 97 and 96%, the positive predictive values was 98 and 43%, the negative predictive value was 44 and 91%, and the Kappa coefficient was 38 and 24%, respectively. Clinical examination failed to correctly plan the treatment in 21 (26%) of 80 proposed operations. In 13 limbs (9.1%) the HHD-based treatment plan was modified on the basis of duplex ultrasound findings. In seven cases, patients would have undergone only stab avulsion procedure, whereas stripping of a saphenous vein was indicated on the basis of duplex ultrasound findings. In two other cases, HHD findings would have led to resect the wrong saphenous vein. In six cases, the treatment was wrongly planned because of assessment problems during HHD examination at the popliteal fossa. Conclusions: the accuracy of HHD in the preoperative evaluation of primary, uncomplicated varicose veins is unsatisfactory. These results suggest that duplex ultrasonography should be considered as the preoperative diagnostic method of choice.
Introduction
Recurrence of varicose veins impairs the outcome of patients who undergo venous surgery. The recurrence rate at 5 years can be up to 40%, thus significantly increasing the economic burden and workload of vascular units. 1 Inadequate surgical treatment is considered a major factor leading to recurrence of varicose vein disease. 2 Inadequate preoperative evaluation leading to incorrect planning of surgical procedure are likely to largely contribute to such failures. The introduction of non-invasive methods for preoperative evaluation of varicose veins such as hand-held Doppler (HHD) and duplex ultrasound has been associated with marked changes in the diagnosis and treatment planning as compared with clinical assessment alone. 3 HHD is a relatively inexpensive method for assessing venous incompetence and is easily learned and performed by clinicians without the need of an experienced vascular technologist. 4 However, this method can be inaccurate and, in a recent series, preoperative planning of treatment by HHD was associated with a 5-year recurrence rate of over 34%. 1 Currently, color flow duplex scanning is considered the gold standard method for non-invasive anatomical and functional assessment of venous reflux. Duplex ultrasound is particularly useful in the assessment of complex venous disease and varicose vein recurrence. 4 However, duplex ultrasound examination is time consuming, expensive and requires experienced examiners as compared with HHD. 5 A few studies showed the superiority of duplex scanning over HHD, 5±12 but whether this superiority can be translated in significant changes of surgical planning and better results is still not clear.
Herein, we report a prospective study in which the value of clinical and HHD evaluation of primary varicose veins has been compared with duplex findings in order to evaluate their impact on the treatment plan.
Methods
One hundred and eleven consecutive patients with primary varicose veins affecting 142 limbs who were referred to the Department of Surgery, Oulu University Hospital, Oulu, Finland, for surgical treatment of varicose veins, were enrolled in the present study. The study protocol was approved by the Ethical Committee of the Medical Faculty of the University of Oulu, and the study was performed in accordance with the principles of the Declaration of Helsinki. All patients gave written informed consent before entry into the trial.
The inclusion criteria was primary, uncomplicated and previously untreated varicose veins. Patients with previous history of lower limb venous thrombosis were excluded from the study.
The examinations were performed on the same day in the outpatient clinic. First, a surgical registrar performed a clinical examination of the patient and recorded her/his opinion about the most appropriate diagnostic pathway and type of treatment required. Thereafter, clinical and HHD examination was performed by a consultant general surgeon (T.R.) and the clinical severity of varicose disease was classified according to the CEAP score. 13 The plan for subsequent treatment was recorded after these examinations.
Hand-held Doppler assessment was done according to a standard technique employing a 8 MHz probe (Hadeco mini-doppler ES-100X, Hayashi Denko CO. Ltd, Arima, Japan). The patients were examined in a semi-supine position with the upper body elevated of 45 in order to avoid fainting of the patient during the relative time consuming examination with repeated Valsalva maneuvers. The tapping test 14 was used to find the venous junctions and long saphenous vein (LSV) trunk. When performing the Valsalva maneuver, the patients were asked to close their mouth with the back of their hand. The LSV was insonated at three different points: at the upper thigh, at the lower thigh and at the calf. An audible flow signal lasting longer than one second was used as a threshold for significant reflux. The sapheno-popliteal junction (SPJ) and the short saphenous vein (SSV) were examined with the patient in the upright position with calf compression. Being aware of the fact that HHD is inaccurate in the evaluation of the popliteal fossa, 7, 9, 11, 15 distinct caution was used in the interpretation of the findings in this region. Only obvious audible flow signals suspected to originate from the SPJ and proximal SSV trunk were regarded as a positive findings indicating incompetence.
On the same day, after clinical and HHD examination, the patients were assessed with duplex scanning with a 7.5 MHz probe and venous flow settings (Toshiba Power Vision 8000, Japan) by a consultant vascular radiologist (J.P.), who was blinded for the results of clinical and HHD examination. The patients were positioned supine with 45 truncal elevation as done during the HHD examination, and the reflux was demonstrated by the Valsalva maneuver. The entire length of the LSV was scanned in order to map the topographic anatomy of the vein. Duplex findings for reflux at different levels (see above) were recorded. Reverse flow of over one second was classified as pathological. Competence of SPJ was tested by squeezing and rapidly releasing the calf by hand. Reflux with a duration over one second was judged as significant. The possible reflux of femoral and popliteal vein was detected as well. The anatomy of the popliteal fossa was examined with the patient in standing position. Anatomical variations and reflux findings were analyzed by the surgeon (T.R.) and the radiologist (J.P) together in order to decide the third plan for the treatment.
Reflux on the superficial venous junction or in the saphenous trunk was considered an indication for stripping of the saphenous vein. In our day-surgery unit, sclerotherapy is used only for teleangiectasies. Stab avulsion with hook-technique is performed in case of varicosities without superficial vein insufficiency, most often because of cosmetic reasons.
Summary statistics for continuous variables were expressed as mean with standard deviation. Exact 95% confidence intervals (95% CI) were calculated for sensitivity and specificity and for positive and negative predictive values and for Kappa coefficient (k). Point estimates and confidence intervals were calculated using CIA-program version 2.0 (Confidence Interval Analysis).
Results
The study population consisted of 15 males and 96 females with primary varicose veins affecting 142 limbs. Patients' characteristics are shown in Table 1 . According to the CEAP classification, the clinical severity of venous disease was mild in all cases ( Table 2 ). The diagnostic pathway is summarized in Figure 1 . LSV reflux was detected by duplex scanning in 104 (73%) limbs. SSV was insufficient in 12 (8%) limbs. Reflux of the superficial vein tributaries without insufficiency of the main saphenous veins was observed in 22 (16%) limbs. In the remaining four limbs (3%) no venous reflux was demonstrated. The deep veins were competent in all but one case in whom duplex did not show any insufficiency of the perforating veins.
Patients and symptomatic limbs were divided into three groups according to the plans made by the surgical registrar on the basis of clinical examinations (Fig. 1) . Treatment plans decided on the basis of clinical, HHD and duplex findings were compared in these three groups. Operative treatment was planned after clinical examinations in 68 patients (84 limbs). Data concerning two of these patients with 4 symptomatic limbs were not comparable because incomplete informations recorded after clinical examination. Therefore, the findings after three stages of diagnostic pathway of a total number of 109 patients with 138 affected limbs were analyzed. Surgeon registrars, on the basis of clinical findings, failed to correctly plan the treatment in 37/101 (37%) of the legs. Among those limbs that were judged to be treated by surgery on the basis of clinical examination, 21/80 (26%) were scheduled for an incorrect surgical procedure. HHD corrected these errors in 13/21 (62%) limbs by revealing the superficial truncal vein reflux. However, HHD examination guided incorrectly the treatment plan in one limb, because of false venous reflux originating from superficial epigastric vein at the SFJ and of missed SPJ reflux.
Conservative treatment was suggested in 21 limbs (16 patients) after clinical examination. In five (24%) of the 21 limbs a conservative treatment was indicated after HHD examination, whereas surgical treatment was indicated in the remaining cases. Duplex ultrasonography or venous fluoroscopy examinations were requested in 37 (26%) cases after the assessment made by the surgeon registrars. Clinical and HHD examinations performed by the consultant surgeon eliminated the need of special investigations in most of cases (30/37).
A comparison of the results of HHD assessment and duplex scanning is shown in Table 3 . Thirty cases of uncertain HHD findings from the popliteal fossa were excluded from the final comparative analysis. In these cases there were no symptoms or clinical signs referring to the SSV tributary varicosity or SPJ insufficiency. The sensitivity, specificity, positive and negative predictive values and Kappa coefficient (k) of the HHD technique in five different measurement points are shown in Table 4 .
Duplex scanning was requested for 20 (14%) limbs after HHD examination. The most common indication was a suspected, but not verified reflux in the popliteal fossa or suspected anatomical variations. Important anatomical findings of surgical interest were identified in seven limbs by duplex scanning. In these cases, variations in the anatomy of the venous junctions were already suspected after the clinical and Values in parentheses refer to the number of legs. HHD: hand-held Doppler; SFJ: saphenofemoral junction; LSV: long saphenous vein; LSV 1: at the upper thigh; LSV 2: at the lower thigh; LSV 3: at the calf; SPJ: saphenopoliteal junction. Ã Thirty legs were excluded from this analysis because of uncertain HHD findings at the popliteal fossa. Values are expressed as percentages (95% CI); SFJ: saphenofemoral junction; LSV: long saphenous vein; LSV 1: at the upper thigh; LSV 2: at the lower thigh; LSV 3: at the calf; SPJ: saphenopopliteal junction. Ã Thirty legs were excluded from this analysis because of uncertain HHD findings in the popliteal fossa.
HHD examinations, on the basis of which a perioperative varicography was requested. One perioperative varicography was required as further investigation, which showed connection between the varicose veins and the deep venous system via mid-thigh perforating vein.
In overall, the treatment plan based on HHD examination was changed after duplex scanning in thirteen limbs (9%). Both inappropriate (four limbs) and inadequate (nine limbs) surgery would have been performed on the basis of HHD findings alone. In six cases, the treatment was wrongly planned because of assessment problems of the HHD examination at the popliteal fossa (Table 5 ).
Discussion
An adequate preoperative evaluation is of paramount importance in the decision-making process whether to operate or not varicose veins and which surgical strategy is the most appropriate. During the last decade, the introduction of duplex ultrasound in the preoperative assessment of varicose veins has significantly improved the anatomical and functional non-invasive evaluation of this condition. However, the superior diagnostic accuracy of duplex ultrasound as compared with HHD has not been always clearly demonstrated. In fact, the results of previous studies differ significantly, mainly because these studies included heterogeneous patient populations with complicated or recurrent diseases. Indeed, more severe symptoms are often associated with perforator and/or deep vein insufficiency, 9 and the latter are clearly better evaluated by duplex ultrasonography.
In order to avoid the inclusion of patients with varicose vein disease of different severity, which may significantly alter the evaluation of a diagnostic method, we have included in the present study only patients with primary, uncomplicated and previously untreated varicose veins. The results of this study are in accordance with previous ones on a certain weakness of HHD to accurately identify or exclude venous reflux, 8 especially in the popliteal fossa where the sensitivity of HHD was 23% (Table 4 ). However, also the sensitivity of HHD on the SFJ was rather unsatisfactory (56%), whereas in other studies ranged from 48 8 to 92±93%. 9, 11 Furthermore, in this series the negative predictive value was 44% at the SFJ with a kappa coefficient of 38%. The same was observed at different levels along the LSV where the sensitivity and kappa coefficient were below 67 and 48%, respectively. Table 4 clearly shows that HHD failed to detect any reflux in a large number of cases at different levels, and also the number of false positive reflux detected by HHD was not irrelevant. These observations strongly argue against the reliability of HHD in correctly assessing the saphenous vein system at different sites, all of them potentially involved in an incorrect treatment planning.
We performed both ultrasound examinations with the Valsalva maneuver in a semisupine position, to examine the SFJ and the LSV trunk. This technique has proved to be easy, inexpensive and reliable. 8, 16 The HHD and duplex ultrasonography examinations of the popliteal fossa were carried out with the patient standing, as probe placement is inconvenient in the semisupine position. Based on our own experiences, when examining the SPJ and the SSV trunk, reflux insonated with the calf compression technique is more practical and reliable than the Valsalva manouvre in an upright position. Thus, our techniques differ from the methods used in the previous studies, in which compression test was mainly used. However, it has been shown that different techniques and positions can be used in HHD and duplex ultrasonography examinations with equal reliability. 16 Not much attention has been previously paid on the influence of preoperative examinations on the treatment plan for varicose veins. Previous studies have showed that the clinical tests are inaccurate. 8, 14, 17 According to the results of the present study, the systematic use of HHD reduces the incidence of incorrectly planned surgical treatment and also the need of special investigations in the planning of primary varicose vein surgery. However, HHD has still some limitations as compared with the duplex findings. In the series by Kent and Weston, 9 if operations would have been planned on the basis of HHD findings, when compared with duplex findings-based treatment plan, appropriate surgical treatment would had been performed in 70% of cases, more extensive surgery in 23% and inadequate surgery in 7%. In our study, in 13 limbs (9.1%) treatment plan was modified on the basis of duplex ultrasound findings. In seven cases, patients would have undergone only stab avulsion procedure, whereas stripping of the saphenous vein was indicated on the basis of duplex ultrasound findings. In other two cases, HHD findings would have led to resect the wrong saphenous vein and to leave the diseased one in place. It is worth of noting that in three cases, the long saphenous vein would have been removed, thus preventing its possible use in myocardial or lower limb revascularisation. The present results would probably not solve the controversy whether duplex ultrasound should be performed preoperatively in all patients with primary uncomplicated varicose veins, but strengthen the basis for such a conclusion, as previously claimed also by other authors. 8, 10, 12 Its suggested used in all cases of popliteal fossa reflux and in recurrent disease as well as in those frequent cases in whom HHD is not diagnostic further confirm that duplex ultrasound is of key importance for a better selection of patients and treatment strategy in order to decrease the still relevant late varicose vein recurrence rate.
In conclusion, the present study showed that in primary, uncomplicated varicose veins, the accuracy of HHD, although significantly better than clinical tests, is still unsatisfactory. In the absence of studies evaluating the economic and clinical impact of duplex ultrasound in reducing the recurrence rate, in order to better plan the treatment strategy, duplex ultrasonography should be considered the diagnostic method of choice in the preoperative evaluation of primary, uncomplicated varicose veins.
